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INVESTIOATING DIFFUSION NO3ILITY OF ZIRCONFJM IN ZIRCON-
CONIUM-NIOBIUM ALLOYS

G. 0. Ryabova and P. L. Orusin

Alloys of the zirconium-niobium system arowe -reater scientific and practical

interest. In recent years the properties of alloys of this system have been in~estiated

by maniy researchers* Zirconium alloys were foun with sall additions of niobium, allcys

with properties, satisfactory for application of these alloys in the construction of

reactors , 2j. as well as allays with higher niobium contentcharocterized by excellent

fire and heat resistance293

Zirc. lum and niobium - high melting metals.But sfrconiumin spite of the high

melting point, is distinguished by low heat reasistance, Niobium is characterized by

good heat resistance qualities*

Inestiestin of diffusion characteristics in a system of alloys on the basis of

these two retals is of interest for the purpose of explaining the diffusion mobility

of atams during change over from zirconumhaving high diffusion nobility, to niobiums

distinguished, judging by its heat rosistanceby slow mobility of atems.

To inwestigation diffusion of zirconium in zirconium-niobium allcys were melted

allays of the following niobium content ('eight %)s 1 21 31 7; 20; 35; 70; 90 and

100o In role -f basic material for the preparation of alloys was used iodide low-haf-

nium zirconium and niobiwancontainirng the following admixtures (weight %)s Th-11

C-o.09; CV-o.1; 0-0.05; H - 0.003; N - 0.03o.

The allays were malted in an MEF-9-3 type arc flurnace with tungsten electrode

and water cooled crucible in an atmocphere of purified areon.For additional puifi-

cation of furnace chamber from Wises prior to melting the itleys the getter was el-

te.i soveral ti~res. Uniform distribution of elenris in the allys wss attaiked by

repoatod refourAing (8-15 tizies) without diaturbiLg the hertrcity of the C,' ',cee
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Bars of casted allcVs containing up to 20% of niobin were 3ubjectel to her ffo

ging in open air 3t a temperature of 900-7)00 C and to grinding to remove the layer

of scales, and then cut into sar.iples with a dliensir of 3X=5 rm At a more than 20%

niobium content in the allqr the samples were prepared fron costed alloys.

The obtained reamles were subjected to hoLogenizing 3nnealing at 12000 C for a per-

iod of 10 hx and at 14000C for a period of 24 hours (alloys containing less than 20%

niobime Annealings at 12000C were carried out in a quartz tubepumped cut to a es-

sure of 1; 104 m Hg, placing it in a t-..luLar resistance furnace. Alloys with er.:ater

niobium content were annealed in a TVV-4 type furnace at a remanent -rescure of V;0 "

After hcuogenizing annealing on the sc--vnles was a pU,-,l a layer of rtdioactive

zirconium isotope i!95 In a special vacuum installation. 7i: 'cnesa of the Layer

was tens of fractions of a micren. The thickness unifor.ity of tbo dusted on ayer

was checked by taking an autoradiogam froa sa=les directly after the d-.3ting on the

radioactive isotoope

After the dustinig on the samples, placed in pairs with the radioactive surface

inward, we bound by a molybdenum wire and subjected to diffusion annealing in vacuum

at corresponding temperatures. Together with the samples were wrapped in foil zirco-

nium shavings, serveing as getter. In table 1 are given d.. on temperature and tim

of expoeure of diffusion annealings of zirconiu/niobium allCs.

Ibble 16 Data on temperature and duration of exposure of diffusion annealings
of zirconilu/niobium allwo

Allay _ F osure tje 'ars) at a tm ar 0 C

Lft1-L Ie1 11. 1" 'IM U 150 7M-J !-o oM 1 1
ZI 24 11 7 4

Zr - INb 24 II 7 i4 ... .
Zr+ 2%Nb 24 II 7 1 .. . ..

Zr r-2*osNb 24 Ur 8 b -
Zr -350aNb - 15 8I -
Zr •50%Nb - - -
Zr -7*.Nb 1 3.8 2
Zr 9r, Nb6I
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After the annealings the diffusion coefficients were :jte-z±Aned by the methdca ot

removing a layer and n:ea3uring th3 inteoal radioactivity of the remaim or the saqp-

le, introduced by P.Lo"ruzin[4]

In ta'LUs 2--/, are given experi~ent;3lly found zirconium difiusica coefficients for the

iL-estieated alloys. On the basis of temperature derendence of diffusion. coefficients

were obtained activation enerxg values for zirconium diffusion and preex oieV;ial =i1ti-

Uer values corresponding to them (Table 2-4).

Table 20 Zirconium difftusion parameters for zircrniuM/nio!utv allcys

Allay Dif fusion coefficient cFsr3j
at temrneature.0c _______

ar 0 0 0 9.510-M 3-Ma-9 15610- ----' - 37- 5

Zr 1% %b 4.5-I0-m .- Ia-" 2.1-10-" j3.8-10- 1.1- 30. 0

1r- b 5-0- 7-t-" 1.7- 10- jz.10-8 4.7-IU-" 3&5
ar- 7.3; .^ 1 1.-111-0-M 10-10- - 7.10-- 4U,.l
r_6 -- I t.I.IO-,33.IUe -I. - 9-10-3 4&. 5

Table 3. 7Zircowum diffusion parameters for zirconi -/niolium allwo

Aloy Diffusion coefficients (a2 .. )o' Y 7

at tanperature0_ ___-

tar WOON- t - 1 :I2.1 .10-9 jF IV7-*u %.9.i1-'3
11S 3.- UW 1192I 1 0-8

Ttble 4. Zirccnlus di fl usion paramators in zirconium/niobium allcys

Alloy Diffusion coefficients (W- seo-)
at teraperatu* 6CY

2L.6 ir 0. g

In fif-.l are given concentratic a1 dcs andencos of zirconium 4if usioa coefficients

in alloys for tem;-atures of 7000 1200 and 1600°C9 It is -.Idert from the &raphs

that the diffusion mobility o zirconi=u allcy ch-iges in do, r1ona upon the nio-

bium concentration in the alloys. Dif,:sion zobility of zir oniiwn atc:' decreasos
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gradually with a rise in Dioimm up to 50%., ani then follows a sharp drop in the

diffusion coefficient raanitude. And so the coefficients of zirconium diffusion at 12000 C

decrease by apprcccimtely one and one half orders in alloys from lure zirconiums to

an alle" with '0, zirconium and 503' niobi anl by four o.:ers in alloys with an up

to 5139 niobiu content to pare niobiume

The structural diagram of zirconiu=m/nobiura allcrjs has a raininmm elong the solid

dus CUrve in the field of compositions of aj,. roximatly 20 to 3;Z niobiU{J). Out

on the curce of the concentrational coefficients of diffusion on the side of zirco

nium a reeuction in elttg point of the allcys i3 not acccripanied by a rise in diefd-

siam mobility of zirconium atams. On the side of niobium with a reauction in khe

melting point of the alloys the diffusion =obility of zirc turn atcms increases.

Fig.l.Concentrational dependence of diffsion ecefficients of zirconlum
in zirconiumaiobum alloys; a-diffusion coefficjont; b..iobica content*.*

'.0iae obtained re.ults on the diffusicn of niobiu in zirconium. In connection

with the absence of metollic artificial radioac ive niobium ivotoaqo N , ;e used in

c-,x oxperimena a rtiobita iso .pe in forma of niobium ccalat3 ;16 95. After this solu-

tion has been cheLdcally procossed on t'3 samples was appliod a lzkyw of niobium

mids. containing 105. Coasequcitl sl" .A",=ously ,uith the diff*ision of niobium



in zirconium, apparently, took place diffusion of oxygen, which miGht have exerted a

certain influence on the diffusion of niobium in zirccnium. Cbtained data are listed in

table 5. The coefficients of diffusion of niobium in zirconium are close in magnitude

to the coefficients of autodiffusion of zirconium.

Table 5. Para eters of niobium diffusion in zirconium

AlIay Diffw;ion coefficens t /i7sec)
at temparaturesOC

- -P

Zr 6 - .2-10 -

By comparing the coefficients of diffusion of zirconium in niobium and niobium in

zirconium is evident, that, for example, for a te.peratu.re of 12000C the diI'fusion

coefficients differ by more than 6 magnitufta.

- - -Calculation of zirconli= diffusion coef-

- ficients for alloys showed,that at melting

- points all alloys have a difftsion coeffl-

-- cient of the manitude of 10 - cr sed- l .

N-- Tlhe melting point of alloys was taken on the

-- basis of the strictural diagram of the

zirconium/niobium systu {53.

OP 'VJTC I4" M, T he concontrational dependence of activa-

tion energy for zirconiut diffusion is shown

Fig,2.Concentrational dependence of act*-
vation enere7 of zirconium diffusion in in fieo2eThe activation energ of zirconium

zirconiuWaniobium alloys: x-results of gi-
ven experimenti e - results of experirents diffusion rises with the increase in nio-

by [61bium content in the alloyse A rise in diffusion

activation energ with simultinecus reduction of aV. "fusion mobility in nllwrs indica-

tea a strjnGI,-n ng of the inter3tcric bond in the crystalline lat-ice of zirconium*

This is also confirmied by data about the ch.nge in olastiett/ L Olns of the alloyc

in the zirconiuV/niobium system, obtained by

in --the -25/3+



in the experiment%]6 was exarixied the diffucicn mobility of zirconium in z-irco-

riium elloys with a ajobjua content of 21 .5; 10 pfercentires by wei~bto The activaition

energy v~lues of zirconium diffuiioU in theze all,-s are plottel on -X-ph fie.2 0 Ond

are in confor:.ty with values,obtained in the Civen e:-perirnent*

7he magitude of ac,."vation energy of zirconiurg :lf-di-; Ucion, obtained in the

(;.ven eyx)crinmit, e'unla 30.5 cal/ceatm. In other ex"perir.ionts .9798j 3re Civcz -acti-

vation energy values for self diffusion of zirconium, di.ferinc from the previous ones

The discrepancy in activation eaergr values for self-diffusion of zirconium is cornea-

ted, apparently, with the influence of the structural factor on difffusion mobility

of zfrconiun. As result of alpha -. beta-cohuversica of zirconium when heated in beta-

ihase crystals is retained a O~eater nL.ount of intragranular separation sur..aces,

facilitaiting the occurrence of diffusion processes. l ~ as well aslZ7i s~ovedl that the

elizrizatica of the cffect of intra~7rmilar separatiJon, surfaces Lunde to a rice in ac-

tivatioun energy for self-diffusion of zirconitu to 37 and 47 kcal/cgatI41

In fie.3.1s showrn the ccneptrati,:asl, de-

pendence ltgDocalc-lated in accordance

It3-------- - -00 with experimaental data. Fo IVA.f':cior. of zir-

4 - - - - ccniura In rUobium the Valuze De0.l. s/sec

Zr 9 N 1 N~ appears to be conventior-il for netals. For

the diffusion of niobium in zirconium this
Fig7.3.Concer.trational dep-endence ICD, -4

for diffuciori of zirconium in zircoaiusv 'r, le equals 292*10 cit see- as well as

niobum nlc~a a Sloius onto+.* for oelf--difft-qicn of zircoaium(D01-

C22 sc 1 ). 'v~ &all. It ic evident frcni fic:.3, that with the rise in niobium c,..ntent

in all('a the PreoG'.caential LUltiplier Do Inerjesese

The obtained experimmital data oa the Lw2azurernont of the d :'f.wicn coofficient

of zirconium in zirconium-aiobiun alloys,activaticn encer,-_ of diffuoica and lxoexio-

aential rnati?Uoer showedg that all these vnlIuos del,,nd %%ron the concentration of

elemuota in thea alloyr. WJith a rise in niobium content in zirco~niu.i Llgys Is obaer.,

TTDWT.661-25/1126



ved an increase in activation. erner~ value for the diffusion of zirccnium q anjDO

Si~ultanecusly with these is obcerved a reduction in difIfusion mobility of

zireriim atcws.

In tis way, in the zcne of existence of' cev-rti._tcas solid solutions in the zirconium-

niobium ay:3tex ir. observed a saooth chanGe of all diffusion paraettrs of zirconium

vith a rice in niobium content.

n.iobium alloying of zirconium hampers the occurrence of diffusion proce.-ses in zi.r_

ccniuni; ctreng-thens the force of the bond betucen atons in the crystalline lattice.

With this, al;ar ently , is co:~nected the rise in heat iesistance of zirconium in aliqy's

vith niobium.
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